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ABSTRACT
We present broad-band pulsation and spectral characteristics of the accreting X-ray
pulsar OAO 1657–415 with a 2.2 d long Suzaku observation carried out covering its
orbital phase range ∼ 0.12–0.34, with respect to the mid-eclipse. During the last third
of the observation, the X-ray count rate in both the X-ray Imaging Spectrometer (XIS)
and the HXD-PIN instruments increased by a factor of more than 10. During this
observation, the hardness ratio also changed by a factor of more than 5, uncorrelated
with the intensity variations. In two segments of the observation, lasting for ∼ 30–50
ks, the hardness ratio is very high. In these segments, the spectrum shows a large
absorption column density and correspondingly large equivalent widths of the iron
fluorescence lines. We found no conclusive evidence for the presence of a cyclotron
line in the broad-band X-ray spectrum with Suzaku. The pulse profile, especially in
the XIS energy band shows evolution with time but not so with energy. We discuss
the nature of the intensity variations, and variations of the absorption column density
and emission lines during the duration of the observation as would be expected due to
a clumpy stellar wind of the supergiant companion star. These results indicate that
OAO 1657–415 has characteristics intermediate to the normal supergiant systems and
the systems that show fast X-ray transient phenomena.
Key words: pulsars: general–X-rays: binaries–X-rays: individual: OAO 1657–415.
1 INTRODUCTION
OAO 1657–415 is an accreting binary X-ray pulsar with
a pulse period of ∼ 38 s (White & Pravdo 1979) discov-
ered with the Copernicus satellite (Polidan et al. 1978).
The companion star is an Ofpe/WN9 type supergiant
(Mason et al. 2009) which is characterized by slow winds,
high mass-loss rates and exposed CNO-cycle products.
This binary system has an orbital period of ∼10.5 days
(Chakrabarty et al. 1993) with an orbital decay, P˙orb ∼
−9.74 × 10−8 (Jenke et al. 2012). The moderate value of
its spin and orbital period gives it a unique place in the
Corbet diagram (Corbet 1986) intermediary to the two
classes of sources which transfer mass via stellar wind
and Roche lobe overflow (Chakrabarty et al. 1993). Using
ASCA observations, a dust scattered halo was found which
was used to estimate the distance of the source as 7.1 ±
1.3 kpc (Audley et al. 2006), consistent with a distance of
6.4 ± 1.5 kpc estimated earlier based on the study of the
⋆ E-mail:pragati2707@gmail.com;
pulsar’s infrared counterpart (Chakrabarty et al. 2002).
OAO 1657–415 has shown spin-up/down periods and
torque reversals in the past (White & Pravdo 1979;
Chakrabarty et al. 2002) a phenomenon common to accret-
ing neutron stars (Bildsten et al. 1997) which could not be
explained by wind accretion (Baykal 1997). Relation of the
pulse frequency evolution with X-ray luminosity is not well
understood (Baykal 2000) for this pulsar.
The light curve of the X-ray source shows a complete eclipse
lasting for about ∼ 1
5
of the orbital period. With a very
large number of short exposures with the INTEGRAL-IBIS,
it was found that outside the eclipse, the light curve shows
another dip in the phase range of 0.55 (Barnstedt et al.
2008). Overall, even outside the eclipse and the dip, the X-
ray intensity varies by a factor of several (Barnstedt et al.
2008). However, the INTEGRAL observations did not
establish whether these observed fluctuations are due to
intensity variation from orbit to orbit or due to large
intensity variations within an orbit of the X-ray binary.
The X-ray spectrum of OAO 1657–415 is similar to the class
of high magnetic field neutron stars, with a Kα fluorescence
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Table 1. MJD-OBS and useful exposure for each XIS and PIN
Instrument MJD-OBS Useful exposure
XISs 55830–55832 ∼ 84.7 ks
PIN 55830–55832 ∼ 75 ks
iron emission line at ∼ 6.4 keV (Chakrabarty et al. 2002;
Audley et al. 2006) along with Kβ iron line emission at
7.1 keV. Being at a low Galactic latitude, or due to large
amount of circumstellar material, the X-ray spectrum
of OAO 1657–415 is highly absorbed. Possible existence
of a Cyclotron Resonance Scattering Feature feature at
∼ 36 keV was seen with limited statistical significance
in the broad-band spectrum obtained with Beppo-SAX
indicating magnetic field strength 3.2(1 + z) × 1012 G,
where z is the gravitational redshift (Orlandini et al. 1999;
Barnstedt et al. 2008).
Here, we report results from an analysis of the broad-band
pulsation and spectral characteristics of the pulsar OAO
1657–415 using a long observation carried out with the
Suzaku observatory. The pulse profile and the spectral pa-
rameters of the source are characterized over the duration
of the observation. The time resolved measurement of the
absorption column and the iron fluorescence line intensity
are useful to investigate interaction of the pulsar X-rays
with the stellar wind of the companion thereby providing
some wind diagnostics like wind clumpiness. We make a
comparison of the intensity and spectral variability of this
source with same of the supergiant fast x-ray transients
(SFXTs).
2 OBSERVATION AND DATA ANALYSIS
Suzaku (Mitsuda et al. 2007) is a broad-band X-ray obser-
vatory which covers the energy range of 0.2–600 keV. It has
two main instruments: (i) the X-ray Imaging Spectrome-
ter (XIS; (Koyama et al. 2007) covering 0.2–12 keV range
and (ii) the Hard X-ray Detector (HXD) having PIN diodes
(Takahashi et al. 2007) covering the energy range of 10-70
keV and GSO crystal scintillators detectors covering 70-600
keV. The XIS consists of four CCD detectors of which three
are front illuminated and one is back illuminated. Three out
of the four XIS units (XIS 0,1 and 3) are operational since
2006.
OAO 1657–415 was observed with Suzaku during 2011-09-
26 (OBSID ‘406011010’). The observation was carried out
at the ‘XIS nominal’ pointing position and lasted for ∼ 200
ks. The XISs were operated in ‘standard’ data mode in the
‘Window 1/4’ option which gave a time resolution of 2 s.
The MJD of observation is listed in Table 1
For the XIS and HXD data, we used the filtered cleaned
event files which are obtained using the pre-determined
screening criteria as given in Suzaku ABC guide. The XIS
event files were checked for photon pile-up1 and were not
piled up with the peak count rate per one CCD being ∼
6 count arcmin−2 exposure when compared with the peak
1 http://www-utheal.phys.s.u- tokyo.ac.jp/∼yuasa/wiki/index.php
/How to check pile up of Suzaku XIS data
count rate per one CCD for Crab being ∼ 36 count arcmin−2
exposure. During the last 50 ks of the observation, the light
curve shows a large increase in luminosity. We also checked
for a possible pile-up for this region and did not find any.
The peak count rate per one CCD for this region being ∼
12 count arcmin−2 exposure.
XIS light curves and spectra were extracted from the XIS
data by choosing circular regions of 3 arcmin radius around
the source centroid. Background light curves and spectra
were extracted by selecting regions of the same size away
from the source. The XIS spectra were extracted with 2048
channels. The average XIS and PIN count rates were 2.5
count s−1 and 2.1 count s−1 respectively. For HXD–PIN
background, simulated ‘tuned’ non-X-ray background event
files corresponding to the month and year of the respec-
tive observations were used to estimate the non X-ray back-
ground2 (Fukazawa et al. 2009). Response files for the XIS
was created using CALDB version ‘20130916’ and for HXD-
PIN spectrum, response files corresponding to the epoch of
observation were obtained from the Suzaku guest observa-
tory facility3.
2.1 Timing Analysis
Timing analysis was performed on the XIS and PIN light
curves after applying barycentric corrections to the event
data files using the FTOOLS task ‘aebarycen’ and dead time
corrections were done using FTOOLS task ‘hxddtcor’. Light
curves were extracted from the XIS data with the minimum
available time resolution of 2 s. The average exposure time
was ∼ 85 ks for XIS. For the PIN data, light curves with a
resolution of 1 s were extracted, the exposure time being ∼
75 ks. We summed the background-subtracted XIS 0, 1 and
3 light curves and obtained a single background-corrected
light curve for XISs. The PIN light curves were background
subtracted by generating a background light curve using
the simulated background files. For all the timing analysis
for XISs and PIN which we discuss throughout the paper,
we use these two background subtracted light curves. A
plot of the light curve with binning of 10 times the spin
period of the pulsar is shown in Fig. 1. The light curve
shows very low count rate during the first 110 ks. In the rest
of the observation the count rate increased by a factor of
several and there is a large variation in count rate. Though
the count rate in this first 110 ks is small, it is still highly
variable by a factor of a few. In Fig. 1, the upper and
middle panel represents the XIS and PIN data respectively.
The lower panel represents the hardness ratio between the
PIN and XIS. Based on the hardness ratio, the light curve
is divided into five segments (A,B,C,D,E).
To investigate the orbital phase of the Suzaku obser-
vation, we folded the long-term light curve of OAO
1657–415 obtained with Swift-BAT 4 at the orbital period
of ∼ 10.447 d (Jenke et al. 2012) which is shown in Fig. 2
along with the Suzaku-XIS and PIN light curves. It clearly
2 http://heasarc.nasa.gov/docs/suzaku/analysis/pinbgd.html
3 http://heasarc.nasa.gov/docs/heasarc/caldb/suzaku/
4 http://swift.gsfc.nasa.gov/results/transients/BAT_current.html#anchor-EXO1657-419
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Figure 1. Background-subtracted light curves of OAO 1657–415 with a binning of 10 times the pulsar period (369 s). The upper and
middle panels represent the XIS and PIN data respectively. The lower panel represents the hardness ratio. The zero in time corresponds
to MJD 55830.4 in this figure and the Figs 8 and 9.
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Figure 2. Light curve of Swift-BAT folded with the orbital period of OAO 1657–415 and the HXD-PIN and XIS light curves obtained
are shown here. The phase zero corresponds to the mid-eclipse time MJD 55776.9135.
shows that during the Suzaku observation, the source was
not in eclipse.
2.2 Time- and energy-resolved pulse profiles
A time-resolved study of the pulse profiles was carried out
for both the XIS and PIN data. Instead of correcting for the
pulse arrival time delays due to the orbital motion of the
neutron star, in each of the segments we have allowed for a
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. The left- and right-hand panels show the time resolved pulse profiles for XIS (0.5-12 keV) and PIN (10-70 keV), respectively,
folded with a period of 36.930 s and a period derivative of 3.1847× 10−8 s s−1 at epoch MJD 55830.
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Figure 4. XIS pulse profiles folded with the same period and period derivative for the same epoch as Fig. 3 for segments B, C and E
are overlaid. The pulse fraction change in C, and the shift in phase is apparent compared to B and E.
period derivative while applying the epoch folding technique
to measure the corresponding pulse periods. To choose the
period derivative, we have divided the light curve into 10 seg-
ments and noted the period in each segment. The difference
in the periods divided by the total duration of the light curve
gives an approximate value of period derivative. We further
refined the period derivative by carrying out the pulse period
determination (with the tool ‘efsearch’ of FTOOLS ) repeat-
edly with different trial period derivatives. Corresponding to
the maximum χ2 value obtained, the period derivative was
found to be 3.1847 × 10−8 s s−1 and the pulse period was
36.930(± 0.002) s at MJD 55830. These values were used to
create the normalized profiles i.e., folded light curves, nor-
malized by dividing by the average source intensity in each
frame which are shown in Fig. 3. The pulse profiles for seg-
ments A and B do not show any significant difference. How-
ever, segment C shows a smaller pulse fraction compared to
the rest. Also, there is a slight phase shift in C compared to
B and D. The broad features of pulse profiles of the segments
D and segment E are identical but some of the narrow fea-
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Figure 5. The left- and right- hand panels show the energy resolved pulse profiles for segment E for XIS and PIN respectively folded
with a period of 36.930 s and a period derivative of 3.1847×10−8 s s−1 at epoch MJD 55830. The pulse profiles do not show dependence
on energy.
tures seen in segment D are not see in segment E, the latter
segment having a higher count rate. For a better compari-
son of the pulse profile changes, we have overlaid the XIS
pulse profiles for three segments in Fig. 4. We have created
energy resolved pulse profiles only for the segment E which
has the highest count rate shown in Fig. 5. It shows that the
profiles do not show any significant energy dependence and
pulsations are detected up to 70 keV.
3 SPECTRAL ANALYSIS
We performed time averaged spectral analysis of OAO 1657–
415 using spectra from all the three XISs and the PIN.
Spectral fitting was performed using XSPEC v12.7.1. Artificial
structures are known in the XIS spectra around the Si edge
and Au edge and the energy range of 1.75-2.23 keV is usually
not used for spectral fitting. Additionally, owing to strong
absorption, the spectrum of OAO 1657–415 has very limited
statistics below 3 keV. For spectral fit we have therefore,
chosen the energy range of 3-10 keV for the XISs and 15-70
keV for the PIN spectrum respectively. We fitted the spectra
simultaneously with all parameters tied, except the relative
instrument normalizations which were kept free. The 2048
channel XIS spectra were rebinned by a factor of 10 up to 5
keV, by 2 from 5 to 7 keV and by 14 for the rest. The PIN
spectra were binned by a factor of 4 till 22 keV, by 6 from 22
to 45 keV, and by 10 for the rest. To fit the continuum for
the spectra, we tried using the standard continuum models5
used for HMXBs like HIGHECUT (White, Swank & Holt
1983; Heindl et al. 2001), NPEX (Mihara 1995), COMPTT
(Titarchuk 1994) and FDCUT (Tanaka 1986). Good fit for
the average spectra was obtained with two of the contin-
uum models, NPEX and HIGHECUT. In the NPEX model,
the photon index of the second power-law component was
fixed at 2.0. For both, a partial covering absorption and
two Gaussian emission line components were required to ac-
count for the two lines at 6.4 keV and 7.1 keV, which cor-
respond to Kα and Kβ fluorescence emission lines of iron.
For the time-averaged spectra showed some dip like residu-
als in the PIN data. We used cyclotron absorption profiles
GABS and CYCLABS to account for the residuals, of which
CYCLABS provided a better fit. However, all parameters of
the cyclotron line could not be constrained and we have
fixed the width of the line to 2 keV. Inclusion of CYCLABS
along with NPEX resulted in a decrease in χ2 from 628
(415 degrees of freedom) to 618 (413 degrees of freedom).
The dip like feature for HIGHECUT and NPEX were seen
at 34 and 32 keV, respectively. We note here that possible
presence of a cyclotron line in OAO 1657–415 at a similar
energy was reported earlier from Beppo-SAX observations
(Orlandini et al. 1999).
Fig. 6 shows the average spectra fitted with NPEX model
and the spectral parameters for the best fit obtained for the
two models are given in Table 2.
5 http://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/XspecModels.html
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To calculate the significance of emission line features which
are additive components in XSPEC like the iron line emis-
sion, the F -test routine in XSPEC package is best suited to
perform the significance test barring precautions as men-
tioned in Protassov et al. (2002). However, for the purpose
of detecting the significance of multiplicative components
like the cyclotron line, the same is not valid. Hence, we use
the F -test routine available in IDL package MPFTEST6 for
significance test of cyclotron line (DeCesar et al. 2013). The
probability of chance improvement (PCI) is evaluated for
the NPEX model used to fit the spectrum with and without
cyclotron line. The estimated PCI values after addition of
cyclotron line component to the NPEX is ∼ 45 % . There-
fore, a cyclotron line at around 36 keV which was detected
with Beppo-SAX is not confirmed in the Suzaku spectrum.
3.1 Time-resolved Spectroscopy
The variable hardness ratio shown in Fig. 1 indicates sig-
nificant spectral changes during the duration of the obser-
vation. To probe into the details of the spectral variations,
we divided the light curve into five segments on the ba-
sis of their hardness ratio as shown in Fig. 1. The time-
resolved spectrum was fitted with the same model as used
for time-averaged spectra. However, a partial covering ab-
sorption was not required for the segments A, B and D.
Also, the negative residuals around 33 keV in the PIN data
mentioned in the previous section and shown in Fig. 7 was
visible only in the two segments A and C. The variations
of the spectral parameters with time obtained from spectral
fits with the two continuum models NPEX and HIGHECUT
are shown in Fig. 8. Variations of the spectral parameters
obtained with the two models are consistent indicating the
robustness of the results. As seen in Fig. 8, the equivalent
widths for the two iron line elements increase largely in the
third segment C. Segments A and C have similar hardness
ratios. However, the equivalent widths and NH in segment A
is smaller compared to segment C. This difference led us to
check the variation of equivalent widths and NH with time
in finer time intervals. This variation is shown in Fig. 9. We
shall discuss about this further in the next section.
4 DISCUSSION
4.1 Flux and spectral variability
The variation in intensity for this source over a large
number of orbits taken together has been studied in the
past (Barnstedt et al. 2008). Fig. 10 shows the intensity
(normalized to Crab) histograms with MAXI -GSC7 (MJD
55063–56661) and Swift-BAT (MJD 53415–56617). The
orbit averaged intensity corresponding to this Suzaku
observation are marked with arrows in the two panel of Fig.
10 which indicates that in this orbit OAO 1657–415 did
not have extreme property i.e. very high or very low count
rate compared to the long-term average. In this paper, we
discuss the variability of OAO 1657–415 in time-scales that
is a fraction of the orbital period.
6 http://www.physics.wisc.edu/~craigm/idl/down/mpftest.pro
7 http://maxi.riken.jp/top/index.php?cid=1&jname=J1700-416
Segment C makes an interesting study. As depicted in Fig.
4, we see that pulse fraction suddenly goes very low in C
compared to the other segments. During this segment, the
equivalent width for both Gaussian line elements at 6.4 and
7.1 keV increases compared to other segments. This change
of pulse fraction in C is more apparent for XIS data than
PIN data. This can be due to the dominance of the Fe
line photons, which are unpulsed in nature. The variation
in the characteristics of the segments are summarized below:
(i) Segment A: large hardness ratio with large NH and
moderate equivalent width.
(ii) Segment B: hardness ratio is low with low NH and
low equivalent width.
(iii) Segment C: hardness ratio is high with very large NH
and large equivalent width.
(iv) Segment D: same as B.
(v) Segment E: same as B, but flux higher by a factor of
∼ 6.
One possible explanation for the above observations could
be as follows: during segment A, the pulsar may be passing
behind a dense clump of matter. This causes absorption of
soft X-rays, leading to an increase in hardness ratio and large
value of NH but low equivalent width if the clump subtends
a small solid angle to the source. If the neutron star had
been passing through the clump, a large equivalent width
would be seen.
During segment B, the hardness ratio, NH and equivalent
width are low. Here the pulsar may be passing through a
region where there is very scanty material.
In segment C however, a large increase in hardness ratio,
NH, and equivalent width indicates that instead of being
behind a cloud, the neutron star is now passing through a
dense clump of matter. The large soft X-ray absorption leads
to increase in the measured hardness ratio and NH, while a
4pi solid angle of the clump causes a large equivalent width
of the iron fluorescence lines. This should also lead to an in-
crease in the mass accretion rate on to the neutron star and
its X-ray luminosity, probably with a delay corresponding
to the viscous time-scale from the material capture radius
in the accretion disc to the neutron star.
In segment D, the hardness ratio, NH and equivalent width
are all low (same scenario as segment B).
In segment E also, the hardness ratio, NH and equivalent
width are low. However, there is an increase in luminosity
(starting from segment D that lasts through segment E).
This could be the increase in luminosity resulting from the
increased mass capture from the clump that the neutron
star encountered in segment C. The time lag between the
increase mass accretion in segment C, and the increase in
X-ray luminosity which is manifested in segments D and E
is less than one day.
The viscous time-scale depends on the specific angular mo-
mentum of the captured material with respect to the neu-
tron star. In the case of the HMXB GX 301-2, which has an
orbital period of 41.5 d and which shows a large flare every
orbit at the orbital phase of 0.95, an enhanced accretion at
orbital phase 0.92(∼ 1.2 d earlier than the flare) was shown
to reproduce the flare (Pravdo & Ghosh 2001).
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Figure 6. Time-averaged spectrum for OAO 1657–415 using the NPEX model. The middle panel shows the residue without using
CYCLABS and the lowermost panel shows the residue when CYCLABS is included.
Table 2. Best-fitting parameters of the time–averaged spectra for OAO 1657–415 during the Suzaku observation. Errors quoted are for
90 per cent confidence range.
Parameter NPEX HIGHECUT
NH1 (10
22 atoms cm−2) 15.6+0.8
−0.9
16.7+0.71
−0.65
NH2 (10
22 atoms cm−2) 34+3.5
−3.1
42.7+9.1
−5.8
PowIndex 0.22*+0.02
−0.01
0.52+0.01
−0.02
CvrFract 0.58+0.05
−0.04
0.46+0.03
−0.03
Ehighecut (keV) 8.6
+0.26
−0.14
–
Ecut (keV) – 6.2+0.16
−0.17
Efold (keV) – 16.6+0.4
−0.6
Depth(keV) 0.11
+0.05
−0.05
0.10.04
−0.04
Cyclabs(keV) 32+2.3
−2.0
34+5.6
−2.4
Kα line (keV) 6.44+0.001
−0.003
6.43+0.003
−0.002
Kβ line (keV) 7.09+0.01
−0.01
7.11+0.007
−0.006
Equivalent Width for Kα line (keV) 0.261+0.005
−0.006
0.261+0.006
0.005
Equivalent Width for Kβ line (keV) 0.081+0.004
−0.004
0.074+0.005
−0.003
χ2ν/d.o.f 1.49/413 (1.51/415 without CYCLABS) 1.46/417 (1.47/419 without CYCLABS)
∗ Photon-index of the second power-law component of the NPEX model is frozen to 2.0, as mentioned in the text.
4.2 Comparison with SFXTs and supergiant
systems
The spectral and intensity variations of the Suzaku observa-
tion in this source shows that the stellar wind emitted from
the companion star is inhomogeneous with many clumps
as indicated in Oskinova, Feldmeier & Kretschmar (2013).
A rough estimate about the size of the clump which the
neutron star passes through during segment C is made as
follows:
The time of passage of the neutron star through the
segment C is ∼ 47 ks. Assuming the relative velocity of the
wind vrel = 300 km s
−1 at the neutron star, we obtain the
clump radius of segment C, Rc ≃ vreltf/2 = 7 × 10
11 cm.
For the C segment, the column density of NH is ∼ 10
24
cm−2.
Hence, the mass of clump is ∼ 3× 1024g .
In similar lines, Bozzo et al. (2011) discussed that X-ray
flares observed from an SFXT, IGR J18410–0535 as being
due to accretion of matter from a massive clump on to the
neutron star, the mass of the clump being ∼ 1.4× 1022g.
Here, it is worthwhile to note the similarity of OAO
1657–415 with Vela X-1. Vela X-1 is embedded in the dense
stellar wind of its optical companion (Nagase et al. 1986)
and displays a strong time variability (Kreykenbohm et al.
2008; Soffitta et al. 2008). Owing to the high X-ray vari-
ability of both OAO 1657–415 and Vela X-1, they can be
seen as a class of systems which could represent a possible
link between SFXTs and normal HMXBs.
SFXTs show irregular outbursts, lasting from minutes
to hours, with peak X-ray luminosities between 1036 and
1037ergs−1 in contrast to a quiescent phase when the typical
c© 0000 RAS, MNRAS 000, 000–000
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Figure 7. Time-resolved spectrum for OAO 1657–415 using the NPEX model. The middle panel for segments A and C shows the residue
obtained after fitting without using CYCLABS and the lowermost panel in both represent the residuals after CYCLABS is fitted.
luminosities maybe 1032ergs−1 (Gonza´lez-Riestra et al.
2004; Sidoli et al. 2005; Grebenev & Sunyaev 2005;
Lutovinov et al. 2005; Masetti et al. 2006; Go¨tz et al.
2007). These variations could be due to the clumpiness of
stellar wind which may lead to variations of the density
and velocity of matter around the neutron star, resulting in
the fluctuation of the accretion rate (Kreykenbohm et al.
2008; Ducci et al. 2009) or when accretion is regulated by
magnetospheric barrier (Bozzo, Falanga & Stella 2008).
Though the study of variability of OAO 1657–415 here is
in longer time-scales compared to SFXTs, further study of
this class of objects will help us in better understanding of
the physical origin of the X-ray variability and provide a
link between SFXTs and supergiant HMXBs.
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Figure 8. Variation of spectral parameters with time using NPEX is shown in the left and to the right is the variation of spectral
parameters using HIGHECUT model. The topmost panel in both figures show count rate.
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Figure 9. Variation of equivalent width for Gaussian line elements at 6.5 and 7.1 keV for the NPEX model to the left and HIGHECUT
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Figure 10. Histogram of the orbit averaged count rate of OAO 1657–415 for Swift-BAT and MAXI -GSC. The count rate (X-axis) is
normalized to that of Crab nebula for the respective instrument. The arrows represent the orbit corresponding to Suzaku observation.
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